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Abstract 
Orni. thi.ne aminotr:ansferase from beef 
acetone fractionation and DEAli:-cellulose 
and ammonium sulfate treatments were found to be as 
cation 
The enzyme from beef less stable to 
than it from other sources. The 
the enzyme the medulla was about six times than 
the ortex. The was found to be • 0. The Ill ichaelis 
and 
in 
L-ornithine and were 2. 0 mJ.V! and • 1 miVI 
enzyme was inhibited 
and iodoacetamide that groups a:re for 
metal not for 
to JDDTA. L-norvaline inhibited reaction but 
of inhibit 
Pure ornithine aminotransferase was used molecular 
The molecular of the whole enzyme was deter-
sub-units and the 
each i-ras be 
1 
Introduction and Statement of Problem 
aminotransferase is an enzyme which the 
reversible 
+ + 
The enzyme functions in both and animals but not in gram 
bacteria. It is 
since its formation and 
and tumors. 
This thesis is a 
to studies in 
are affected by 
on 
ization of ornithine aminotiansferdse from beef 
enzyme's 
and si.nce 
be a 
from beef had not been 
beef was 
source to work with. The was 
and on 
hormones, 
and character­
the 
i.n the 
, it seemed to 
kHJ��.u because it 
i.s the organ in mammals whj.ch has the ornithine aminotransferase 
Beef would be a source for 
of the enzyme. 
second of this thesis on the 
of rat liver ornithine aminotransferase as determined 
�rhis was an 
the diverse results in the 
molecular of the sub-units was determined 
scale 
filtration 
to c 
Also the 
A Review of Ornithine Aminotransferase 
Ornithine aminotransferase 2-oxoaci.d aminotransferase, 
EC .6. 1. 1  i.s enzyme which a reversible reaction e ither 
towa:rd ' 1 It bee n  
studied to vari ous in s everal most and 
in rr�t liver and research groups headed 
N. and H . ..  Strecker and a research group at 
Harvard Medical has also been s tudied in t he human 
( Stre cker and and 
Tsai, \ J; rabbit , 
and and 
the mold ) ; the 
the 
The enzyme found 
and other gram ( Smith ). 
enzyme is usefu l  in studies and hence 
because appeara.nc e and 
blood or ornithine 
aff ected h ormonc�s, 
been tested. in relation to c ond.i tions like 
whi ch 
, and increased 
ammonia. The disease was f ound be 
concommitant with low lev e l  of in the liver , and 
Abbreviations which in the text i nc lude: 
1.  The role of ornithine aminotransferase i n  metabolism. 
KHI�B' S CYCLE 
+ 
eX..-ketoglutarate 
+ T 
citrulline orni thlne � 
..... .... __ -...-11._, semialdehyde....-5-carboxyla te 
+ 
is not of the urea , it is connected to it 
via as 1 shows. 
The reaction reversible, but the assay based 
on mo:r:-e favorable reaction toward The 
assay method 1�as modified Strecker ( ) from one used and 
Davis ( 'rhe 1;asis for the assay is that enzyme the 
transfer of the delta amino group of Irorni-t:.hine to 
and which 
cyclizes to The assay measures the 
from the reaction of with 
3 
4 
The final is a 
derivative whose absorbance is read at 440 The reaction shown 
i.n 2. The amount of eac h substrate added varles with the research 
group., more o:r:ni thine than 
conc entrati.ons have been 
is used because 
to be 
in some and Herzfeld Knox, ; and 
and Collins, ). has been handled in varlous ways a s  
diffic ult to d.isso lve.. It does not matter the is 
added before after the rE�action The 
wlth trichloroacetic acid or 1 or N it c an 
termlnated wlth the OAB dissolved after whic h the tubes 
water for five minutes t o  allow color to immerse d  in 
( �1a tsuzawa ) ., Denatured are removed c entri-
on 
react:ton 
details of 
In 
th€;) absorbance is read., To calc ulate the amount of 
a millimolar e xtincti.on coe:f.f:i.cient of 2. 
) ., 1 c ompares of 
as various 
of OAT 
in 
muc h in mitochondrla as in but f ound the 
total soluble activi 
d rial fraction. In the rat 
six times than in 
OAT is d:i.str:i.buted 
the liver lobule; but 
in 
is 
2. The OAT a ssay reaction. 
1-ornithin 
+ 
0 \\ 
C-OH 
I 
O=C 
I 
I 
(l:::C-OH 
OAT 
I 
C-OH 
fl 
0 
C- H 
I 
O=C-H 
OAB 
H H 
c ompound 
and Davis, 
Table 1 .. conditions used 
Peraino 
and Pitot 
ethanol 
min 
2 ml 
Katunuma 
in 
for 10 min 
1 ml each 
Strecker and 
20ml'1 
not 
at 
for 20 min 
Not •5 ml 
2 
Matsuzawa Je�$ins 
and Tsai 
OAB 
in 
HCl 
for min for min 
OAB 1 ml 
in N HCl 
2 ml OAB 
s olution 
_ and 
Collins 
in 
ethanol 
5 min at 
3 
add enzyme 
Then 20 
min 
1 ml 
Peraino 
in 
ethanol 
1 ml 
TCA 
(]'.. 
( ), most of its is f ound in the around the 
central vein where the mit ochondria are smaller. 
whe n it is fed a 
rats are fed a 
activities in the 
casein die t  but low 
casein diet. An 
cells immunoflore scence, showed i.t to be 
with no indication whether this was 
mitochondria ) . 
Kishi n o  and Seki ( 
area of rat liver 
in that area when the 
ze in rat liver 
t he 
in the 
claims that in 
tn1nsaminases are both in the mitochondria as well as the 
matrix, in 
) ,  
to location ) .  It is that ONl' occurs in 
such forms known as 
M.ethods of 
of 
The on the 
and organ used. ll'or rat groups headed Peraino and Katunuma 
induced a te n-fold increase in 
diet a few 
chilled the tissue in 0 .. 
t he rats 
Peraino and 
. o with 
o. and 0.  sucrose and e xtracted the mitochondrial 
Peraino communication first 
freezes the excised livers in to solub}.lize. the enzyme 
and zes them in 0. Tris, 8.0 with 0. o. 
j tochondrial fraction is n ot taken. 
Strecker ) the 
sedimented the mitochondrial fracti on. 'ro 
i n  o. sucrose and 
maximum 
he took the total at ,000 X g f or mi nutes, 
and the re sidue was in 0. 
PAL-P was added. Katunuma 
i n  0. sucrose 
mi toe hondrial fra.ction .. 
left out the 
and 
To prepare the 
used 
fracti on .. 
the cortical 
used citrate 
?. After homo-
their 
and the 
( ) did the same that 
from Jenkin s  and Tsai 
and did not a 
6 PAL-F. 
Different methods to prepare crude extract from 
and ( ) with 0 .. 
and 
) the cells extracted 
with 8. , i n  mortar. 
At s ome to become zed .. thi s i s  
the i ce-acetone ( 
and Strecker ( 
the ti s sue i n  neutrali o. sucrose, free 
i t  and 
treatments 
research group 
and heat treatments, 
after a 
after ammonium sulfate 
amount of 
one minute. 
successful results with 
crude or i ts 
it 
Table 2 compares some of the 
9 
conditions which resulted in little or no loss in 
2., Heat and treatments used in OAT 
Rat liver Rat liver kidney 
) 
3-7 - 8.5 5·5- 8 s.o - 8.0 
No heat 
1 min 1 min 
Ammonium sulfate fractionation 
amount of ammonium sulfate needed to ONr 
on the in the and therefore it i s  
not useful t o  com pare the of ammonium sulfate saturation 
various reaearch groups without 
their solutions. 
the exact contents 
for Peraino ' s  ammonium sulfate treatment 
is his last OAT and is a more involved 
The solution is to a concentration of with the salt. 
The in a small volume of and 
the enzyme is from the which is then 
in a volume of buffer with OAT now in the 
The above are twice and the en zyme 
zed eraino Since ammoni um sulfate 
causes color when OAT i s  
Pi tot, 
Katunuma 
) , it should be out . was 
( ) .  
Other 
Strecker ( ) ; and Jenki ns and r sai 
Other 
cellulose 
Matsuzawa 
used i n  the of OAT i ncluded DEAE-
and Jenki ns and rrsai, ) ., t'1atsuzawa' s 
column effluent 
fractionated with acetone between 
group ( 1968) 
wi th acetone. 
Hesults of 
The of success 
the recovery and 
the of' several 
Jenki ns and 
c 
of 
group. Perai no' group 
finished wi th 
vras the most successful 
pure 
OA'r from a 
and 
of 
i n  
groups . 
Tsai ach1.eved 
can 
the 
obtai ned 
evaluated 
compares 
OAT 
were not available f or Matsuzawa's 
with less than t wo of 
of OAT., 
as well as 
Table The re s ults of 
l',inal �% 
Recovery 
o. 
0. 4 
o. 
o. 
o. 
1.4 
o. 
£Pi nal 
7 
Ornithi ne Ami notransferase 
OAT can be affected i n  ways: 
fold 
1) substrates, ) feedback diet hormones, 
) natural and arti ficial 6) other enzymes ,  and 7) 
disease,. 
substrates effect OAT' s but i n  different ways. 
Ornithi ne was found to ·be an inducer of OAT In the rat 
a diet with D,1-orni thi ne was found to i ncrease 
and 
i n  the rat 
( 
all to 
to OAT 
OAT r he effect was much less, 
an i.ncrease of ' 
) who then 
be ami no for ornithine, found all to be 
under assay conditions i n  rat liver. Rat 
OAr:P but not ::rat OAT was activated 1'under proper cond.i t ionsu 
but 
or PAL-P and. ) • In 
c oncentration of was found to be 
concentrations of ornithi ne were not and 
Jenkins and rrsai ( 1970) did n ot fi nd much i nhi bi. tion 
aci ds ) at the but did not 
f i nd to be a s .  
of OAT i s  rather from 
the Kre·b' s eye le i s  a i nhibitor of OAT 
a of 
decreases the 
Strecker 
but i n  
Tsa:l. ( 
A 
cataboli sm i nhi bits the Kreb • s e ye le.. 'rhi s 
showed that 
not 
that 
diet i nduces ONr 
whi ch i n  turn slows down OAT' 
On the other 
and ). 
occurred 
Jenkins and 
activates i n  
A diet 
i s  fed to rats 
i n  to i nduce s formation. The 
fold in rat liver after hours of a casein diet and 
) . A diet caused an i ncrease i n  the diameter 
of an average mitochondrion as well as an 
) . Whe n  
i n  OA'r 
are the sole f ood 
liver OA'r 
i ncreased by 
decreases.. It is also decreased and 
that 
In rat 
i ncreased the e nzyme's 
a diet i ncreases leuci ne, vali n e, 
decreases i t  .. Both the 
wi t h  methioni ne. Thi s 
that OAT may exi st i n  
and i soleucine also i ncreas e  i t  but 
liver and 
data led 
enzymes i ncrease in 
and co-workers ( 
two forms: i n  the liver for ""' ..... p., . .�...�._,_,.,.'"' 
metabolism to 
�rhe effects of forms of 
been studi ed. i ncreas ed OAT 
livers and Knox, 
the in rat livers but not 
and i n  the for 
and orticoids on OAT have 
i n  rat but not 
i ncreases 
and. 
The ocorticoids, corti sone and triamcinolone, i nhi bited 
stj_mulation of OArr stimulated the response of 
seri ne 
of 
increase i n  
t o  
and ) found. 
pregnancy 
for as milk 
OAT 
both 
of that i n  the control liver . 
) 0 In 
t o  
e nzymes 
·was i nduced an i ncreased level of 
rat 
t:hat 
i nc 
thi s 
In addi tion to the substrates, many substance s have been studied 
for their 
trations of L-valine, 
aci d, 
and Tsai ( also 
effectso and ( ) found concen-
L-norva1i ne, L-leucine, lrisoleucine 
, and t o  be Jenki ns 
Irnorvaline to i nhibi t but 
to acti vate. Katunuma's group ( ) canalline, whi ch 
o:r:ni thine i n  structure, to L-valin e  
and 1-isoleucine as well as which with 
and 
Ace 
1. 
were also inhibitors. Inhibitors of 
otinamide , also inhiblt OAT 
Since OA'r a reversible it is influenced not 
substrates but also the e nzymes tr�hich influence t heir 
to ' ( , rat liver has enzymes 
necessary in the 
thesis, but rat 
toward 
is known to be deficient in 
ancl ornithine 
used in the of 
In , Katunuma's group 
inactivates the of s ome 
and therefore OAT 
catabolism. 
a new enzyme that 
enzymes like 0A1r 
each apo-enzyme into a smaller and an 
be 
is found in the small intest:i.ne and skeletal 
muscle s 
amounts 
be 
none in the , and. brain ) in 
the have "been on 
new enzyme the 
of enzymes decrease 
were 
inte stine 
in the 
was found betwe en the of OAT and. this 
has demonstrated. t hat OAT can be affe cted. 
' 
di sease. Studi es with tumors in rat liver have shown that 
of a i n  adults caused a decrease i n  OAT 
If the tumor i nhibited the formation of 
but did not hind.er orticoids from a ri se 
of OAT and ) . 
Substrate s  
Substrate 
L-ornithine cannot be D-ornithi ne 
( and Peraino and Pitot, and 
Collins, ), nor cadaverine or 
than 
na t<:3s . IVIei ster ( indi cated that 
could be substrates 
he stated that transami nate s non-
, and 
the su'bstrate., The relative reaction 
Katunuma' 
and 'rsai ( ) gave the relative rates 
oxaloacetate 
was found to be the 
Peraino and Pitot ( ) and 
stated that both and 
Michaelis constants 
9 
7 
3 
ami no 
and Collin s  ( 
react 
with OA'r 
) .. The latter 
The llftichaelis constants the substrates have been 
several 
Table 
and are recorded i n  
JV1ichaeli s constants for OAT's 
f or substrates 
4 .. 
), Tsai ( ) , and Perai no ( 
s ites for ornithine ancl 
) all 
withi n  one 
center and that the substrate s  bound to either site could 
with 
this 
same function of coenzyme . and Denes and Tsai 
on inhibitor studies. All three sources also relate this 
to the two half reactions that occur to the mechanism 
are 
Peraino's 
It is 
i.n the overall 
enzyme + orni thine 
enzyme 
( ) 
that two forms of the 
reaction . ., 
enzyme + 
enzyme 
the two half reactions. For the first half reaction 
was found. be , and the sec on d. half it was 
at i onic 
reactions 
two 
other some form of vitamin as 
coenzyme "' stated that the coenzyme 
bound 
the enzyme's Treatment with 
not 
caused 
bound no ac 
Peraino 
to the 
i n  the medium. 
shift the 
that the coenzyme is 
) that the form of 
form. not acid s  
down the rate of reversion. and ammonium ion s  
that e xcess that 
i nactivates the enzyme of normal 
reversible which i s  Tri s and ammonium i ons. 
Further of PAL-P not cause addi ti onal i nactivation which 
that some of the resi dues amino acid to 
which IlAL-P :is bound are necessary for 
5 compares the 
Peanut 
liver 
for OAT ace 
in Two., 
1nrere 
l�azelius 
Jenki ns and. 
s 
its 
on tent 
of the 
e.o 
4 
was contributed 
showed that the 
molecule has no 
di of the thi ol were 
denaturation with urea or sodium sulfate, 
reacted with D'I'l'TB et al., 
t hat the reacti on of D'rNI3 v-ri t h  tlH:: revealed four 
groups while react i on wi.th the apoenzyme s howed ten. On 
denaturati on wi t h  , both t h e  hole·- a nd  ape-enzymes were found 
to have tHelve ti tratable also 
t hat other te sts that histidi ne and are i nvolved 
i n  
20 
One: Beef OAT �-
Materials, Methods, and Results 
Beef 
I. 
from 
and 
or Hereford cows or 
steers, months were trimm.ed of ureters, , and fat. 
frozen The were sliced into small 
The frozen 
or stored at - c. 
Tri.s 
obtai. ned from Chemical 
Laboratories. F'or the studies 
iodoacetamide, and 
were obtained from 
from 
were of 
Biochemicals 
was car:r:-ied. out 
model or B-20A or 
and 
were then either used 
and were 
as we:re J�-orni thine-HCl 
was from and 
was 
All other chemicals used 
International 
model RC2-B 
II. and Protein Determination 
assay 
The assay OAT' ·was based on the absorbance at nm of the 
formed 
ornithine aminotransferase 
�rhe assay mixture 
the reaction of the cycli.zed of 
) and o-aminobenz­
consisted of the 
) 
0.7 ml of .o 
0.1 ml of i n  distilled .8 
o. 
final concentration in i ncubati.on mi xture 
(OAB was dis solved 
to effect 
di.sti 
warmed i.f nee essary 
then diluted with 3 volumes of 
0.1 ml test solution to be measured 
o. 
the test solution. ) 
8.0, with PAL-P 
'rhe reaction mixture was incubated at 
for minutes. the reaction 
to li near for a minute i ncubation 
were in excess for the reaction from 0 time minutes 
and . 4 shows the of increased 
concentrctti the observed under the 
standard assay cond.i ti.ons. of 
enzyme d.i1uted. to 
ml 
at a clini cal 
absorbance the nm 
uni t 
an .ooo em in 
determi nation 
of ' ( was followed 
the standard.. Absorbance was at nm. 
of enzyme to assay incubation time. 
.200 
incubation in minutes 
tt-l 0 
( UIU 
III. Purifi cation lVIeth ods and Results 
the procedure s, t he enzyme s oluti ons were 
at about means of immersion in ice baths. 
The buffer for the crude was 
PAL-P 
water with t o  8.0 .. 
all , the buffer wa..s 
water wi th to . o  .. 
F'or the crude were 
a s horter time 
up all minutes caused t o o  much 
three of cortex and medulla were 
�Jhile i t  found that about 
the cortex gram, not 
because too much was the time 
On basi s cortex had more than 
one-fou:rth t he 
small volumes was at 
a 
When volume s  were was to X 
This the t he crude 
referred t o  as the first ' had s ome materi al 
of the 
the 
The acidified 
the Sorvall 
1-Ji th 
. o  and. the 
these 
Table E:ff'ect of 
*' 
acetic acid was added with 
to it to the desired 
·was accelerated to in 
and KOH was added 
to the back to 
was measurE:1d. Table 6 shows the results 
on recovered in 
after overed in 
other times with with 70 of in 
for the cortex alone ) .. 
enzyme los; was the 
was to 5· , the enzyme were 
distributed as follows: 
Thus the of the and the 
had was lost treatment. 
F'rac ti ana ti on turned out to be since it 
resulted. 1n a rease in 
F1rac tiona ti on 
first 
was held at 
it the 
heat treatment 
that 
vi arm 
swirled in flasks in a of hot water 
) until it reached a 
while 
was 
for 1 minute. To cool 
into a flask in i.e water 
and swirled until the to at least Little or 
* All 
started to form until the reached 
7 summarizes the heat treatments of 1 minute duration. 
c 
of heat treatment on 
·before • U. 
treatment heat 
at 000 X 
recovered 
Conditions* 
After 
After 
After 
Cortex 
cent. 
rti'ter 
Cortex 
cent .. 
to heat treatment 
on the onditions 
and heat treatment. 'I'he 
after heat treatment and therefore the method was not a 
useful one • 
.F'ractlonation with ammonium sulfate 
were conducted with the first 
to ascertain what concerrtl'.ation of ammonium sulfate would 
OAT. The 
with 
gave 
o. 
was added to the in bath 
over a minutes. Initial 
which were �rable 8 shows enzyme 
amounts of ammoni um sulfate were ml 
, each with about enzyme units 
ammonium sulfate fra,ct:tonation. 
After 0. g ammonium was a c onstant 
·total enzyme uni ts seemed t o  be in t he , and lt 
of 
that 
enzyme 
c olor 
and P:ttot• 
o1or 
i ncreased wit h  added salt as evidenced i ncreased 
the assay. Thi s i s  Perai no 
observati on that ammonium sulfate causes non­
standard OAT assay conditi ons. 
To test for the effect of the salt on the addi ti onal color dev-
of saturated with ammonium 
The enzyme lined enzyme 
e nzyme 
was 
enzyme units.. To make sure t hat the 
was caused 
i n  
ammoni um sulfate 
t o  the to fresh buffer var:i.ous 
c one entra ti ons. tested 
aminotran sf erase the re sults are shown in 
i s  t hat ammonium sulfate caused color 
t o  The nature the reaction has been 
that 
aminotransferase from the f i rst 
that the amount of 
concentrati on of the soluti on . 
the 
t he 
i tated a concentration of 0. 
could be at later 
20 
) ' 
three treatments of aceto ne fracti onation 
had a concentrati on of 
8 
7 
6 
5 
1 
2 
color due to ammonium sulfate. 
• with 
ammonium sulfate readded 
0 Ii'resh ·buffer with added 
ammonium sulfate 
Amount ammonium sulfate added 
units. This was diluted. to 20.5 
· to it 3 volumes of trls-PAL-P buffer with 0. 
the ammonium sulfate was to 0. This was 
for five minutes at ,000 x g and resulted. in the 
so that 
recovery 
of enzymE:1 units or 87 of the Because of the inter­
ference of the salt in 
to find another substance to 
lilractionation with acetone 
The volume of 
and was 
added. 
it seemed desirable 
out the enzyme. 
acetone was measured 
to 
over a 
ice before 
minutes. The 
,000 
with 
was then 
small volumes, 000 x g for 
to 
volumes ) an.d. 
9 shows effect of varl.ous concentratj_ons of acetone on the solubi 
of ONr when the concentration is  about 
1'able 
0 
20 
Acetone fractionation OAT 
ml acetone 
0 
2 
4 
8 
all of the 
10 
in this 
0 
0 
1 
between acetone and was between 
a 
small volume of buffer. 
fraction was taken and in a 
the 
a with 
volume 14ould be a bout rnl. ) The 
was minutes at ,000 X g. the 
all of the OA 'r 
of fat which was filtered out 
, would have a thin 
was then add.ed to the to a 
gauze or a 
concentration of 
second acetone fraction. would be taken ·between 5 
success of this on c 
.Buffer 
the oncentration but also the fat concentrat:i.on.. If the fat 
had not been filtered off 
between 
second acetone 
such a. thi:rd acetone 
DB]AlG-cellulose 
with 
the would 
acetone . 
various 
ammonium sulfate 
�"'�ractionation with ethanol was in 
acetone. The volume of ethanol was measured. at 
then chi 
in 
ethanol rather than the absolute ratio. 
ethanol 
Table 
rst 
The first 
c those 
had. c 
were 
way 
in 
about 
:to. Ethanol fractj_onation of OAT. 
0 0 
0 
20 1 
2 
The range for ethanol was not 
acetone and volume of 
on 
5· The 
with 0. 8. o. 
was 
as narrow as 
and when the 
acetone, 
the PAL-P column as was evidenced 
c the same 
enzyme 
the 
made 
·eluted. 
was 
c 
tests showed that when 
the contained o. NaCl. 
solution to its to the column found 
the enzyme was acetone but 
was necessary if ammonium sulfate fractionation had been used. 
IV. Final Purification Procedure 
of Beef OAT 
The enzyme summarized in 6 and , was 
c in one 
o. 
was 
made 
acetone 
A ond ac 
in order to avoid enz,yme loss and 
frozen was added.. ml of 0. o. 
at 
. o  make a w/v mixture 
7 and tr1en 
,000 X 
mg 
5 minutes at 
minutes ,000 
,000 x g for 
o�� 
This 
minutes. 11he volume of the 
to m l  concentration 
taken with 
f or OAT 
Discard 
Make 
buffer 
c olumn 
Make 
v/v 
90', , 000 X g 
,000 X g 
,000 X g 
buffer 
,000 X g 
pure OAT 
,000 X 
acetone 
,000 X 
e 
0 
co 
0 (\J 
N 
co 
.. 
C\l 
.. 
0 
5 and acetone. 1�he from this second acetone 
was 
at ,000 x g. l!'lve ml of the 
column (1 x 8 
of buffer and for minutes 
was DEAE-ce llulose 
with 0., 
c The enzyme solution was washed into the column 
with 10 ml of 0 .. NaCl buffer befo:r.oe the was 
eluted with of o. NaCl in the 
buffer ml of each The flow rate was about 
OAT was 
PAL-P 
and 
1.6 fractions were collected. Protein was determined for every 
third fraction the absorbance at nrn, and the tubes were 
for ONr enzyme Tubes were to 
rrhe results are shown in t:he 
that at tube 
bleached and 
the color of the buffer caused 
It rJas observed 
PAL-P 
reappear until about tu'be assay and 
determination shoHed OAT the 
2.0 
1.8 
1.6 
1. 4 
1.0 
J:!"�rac tion number 
\
 
\ 
''o 
\ \ \ 
0 
•rable 
Table 
Substance and 
*' 
*u with added. 
'fhe 
t o  restore 
of Beef OAT 
was quite t o  
summarizes data from 
in 
PAL-P 
of OAT t o  
4 
0 
0 
4 
c 
i c e  bath; 
and 
Durati on of 
6 
1 week 
up t o  4 mo. 
6 hours 
1 week 
minutes before assay. 
was very unstable. 
an volume of 
and thawing, 
lost 
under 
d.. 
7 
7 
i n  a freezer. 
An was made 
t o  
en zyme . After minutes the was c to the untreated. 
enzyme��� actii restored but this was not considered 
to be 2mivf or 20miv'i did 
not restore 
Because the enzyme is sensitive to 
noted more than was 
solution was heated to for one minute .. 
to source 
it was 
sourc e . cattle, sex, 
j_ndi vidual differenc es could not c 
the time 
such variables. 
o. 
o. 
activj_ the 
than in the corte%. It is evident from 1,a-ble 
much per gram than the cortex. 
whole are 
mass 
, even 
on was not feasible . 
lost vrhen the enzyme 
to have uniform 
of the animal and the 
r able may on 
that has 
enzyme 
than that 
and 
of the whole \'l"OUld. be to be about the 
average of the acti the cortex and medulla determined 
j_nclude that OAT is more unstable in medulla 
or that some in the cortex deactivates some of the medulla OAT 
when the and medulla are lOnJoe:ertlZed. 
of c 
reduce 
d.ilution medu lla 
cattle but variation 
that were c V!ll!JO.....LVU.. .. 
1-Ti th 
the 
since 
and medulla 
of the medulla 
was 
on 
that 
of close to 
in one 
that 
to , sex , 
for the eleven 
in 
The enzyme 
the assay 
enzyme was used to determine 
ond 
amounts 
did 
age of 
constants L-orni t,hine and 
with the su·bstrate 
conditions 
concentratione 
constants were determined from and and 
were found 2. OmlVl .,1 mM o:r:ni thint3 and 
�rhe maximum concentrations usecl 
evident in the 
but somewhat for 
either subst:rate, 
for ornithine 
lliU 
0 0 N 
0 
eou-eq.xosqv 


0 
Effects of 
Studies with inhibitors ·were carried out under 
with a 
in Table 
Table 
enzyme 
Effect of various 
Oonc. in incu­
bation mixture 
on OAT 
.222 
.. 222 
conditions 
shown 
0 
3 
0 
1 
0 
. ' 
Norvaline, and were added in the same concentration 
as ornithine 
but and 
centrations. Since EDTA did not inhibit the 
any ion for Since both 
inhibited 
con-
) and iorloacetamide inhibited the reaction- and 
iodoacetamide to a -one or more groups are 
critical to OAT had no effect on the 
of the enzyme. 
v. 
c onside rable amount of researc h  has bee n  c onduc ted on the 
and role in of orni thine aminotransfe rase. 
T'he work has not been of uniform as evidenc ed variable 
re sult s  even when the en.zyme i s  studi ed i n  the same s ource. There 
has been variati on in 
c onstants , i nhibi tors , the 
of substrate 
of of 
Mic haelis 
whethe r 
groups are of the sit e  and other 
A reas on for s ome of the could be due t o  the fac t 
that the of the varied from to 
among the workers. Anothe r  f or some o f  the 
difference s could be that OAT exists in more than one even tn 
the same diffe rs f o r  the rat 
and live r  and 
, c ontrol 
may be t he A recent 
abstrac t ) that OAT from rat 
but diff e rs i n  
suc h a s  and c ontent. 
that PAL-P or ac ti va te the 
OAT but n ot the liver OA'r.. If there are isoenzymes, then 
method of e li minate one of the forms.. ll'o r  
t he mi t oehondrial frac ti on have re sulted 
another f orm 
Peraino's { 
f o ld 
in the 
to 
matrix . 
OAT f rom beef followed many of 
methods f or rat liver s i nc e he had the most 
with rec overJ 
He obtained 
mg OAT . When many of 
his methods were found to be 
frac tiona ti on and 
useful. 
to beef acetone 
to be 
Table 2 indicated that fractionation was a 
in other sources, it was not for beef 
OAT since over of it out at 0 and over 
half at 5· A of th:'lt may have been due to 
c which may also some of the of 
heat treatment. Nevertheless, the from 
and heat treatments must ·be due to a difference in and 
of the beef enzyme to OAT from other sources. 
Ammonium sulfate has the of 
increase in as acetone or 
very useful in the case of OAT since the 
made it to the location 
enzymes with 
It was 
enzyme 
without acetone the of 
the volume, it caused no denaturation if added at and 
color 
from the column 
the OAT was very 
was very 
to OAT. 
since most 
of beef OAT in some f rom those 
sources. seems to be less stable than the rat liver or 
Its of 8.0 agrees c 
5) 
in the and cortex of the 
not been 
as much 
used 
gave no 
the medulla has 4 to 6 times 
as ·the cortex in beef Jenkins and Tsai 
the cortex for of from 
for their choice. 
Herzfeld and Knox ) much 
to male rat 
OAT in 
female rat 
did not 
eleven 
and 
and. 
as 
any sex differences. This 
of beef of cast:t."'a ted males 
females were available. 
( ) , and Knox ) , and and 
) concentra. tions of 
In beef ·was 
). As in the work of 
and Tsai (1970) and and to be 
beef OAT. of the 
was found to inhi.bit in rat and 
but ln Jenkins and ( 
In beef concentration mlVJ. 
on OAT Similar to the 
and Pi tot ( and Jenkins and ( be 
The s constants for beef s ubstrates 
.1 f or ornithine and ) the 
ratio the 
te 
much data on 
substrates (1 and 6 for ornithine 
as determined Jenkins and 
has been 
( 
much 
b e  
) 
to be such as c of studies, 
or the existence of and the molecular 
amino acid sequence. 
I. Materials and 
Protein standards were sources: 
and ribonuclease A from 
Pharmacia; and from Calbiochem; 
from Mann Research and bovine serum albumin from 
dextran 
the 
to Pharmacia 
was 
aminotransferase was from :rat livers 
with minor modifications. 
were 
All other chemicals were of 
o .. 
o. 
o. 
in 
2 .5 X 
with a scanner attachment 
II. 
and 
buffer 
water to 7.0 
.8 em for 9 of the 
used to the 
runs. 
and blue 
A 
used to 
at 
Blue 
2000 was used to determine the volume. ml frac tions 
were collected at room an LKB fraction collector. 
three mg and mg blue dextran were 
the column per run in total 
column eluant was moni tared at n m. 
of 
The Kav for each was determine�d from the 
Ve - Vo 
Kav = 
Vt - Vo 
with volume of each 
volume blue dextran ( 
Ve 
Vo 
Vt total bed volume 3 
The Kav value$ for the 
column runs and a 
The 
on 
used to a line to the data the squares method. Five 
Kav values for ornithine amonotransferase were 
line to detennine its 
made in sodium 
The was 
o. buffer. The 
g ammonium 
solution was 
The solldified 
was from 
base 
acid 
L� l double distilled water 
sulfate 
0 g cyanogum and 
was filterE3d and 0. 2 
to 
into the 
minutes and was 
minutes volts before the 
on the 
ml of the 
0 
for about 
t o  the 
were incubated f or 2 hours i n  the above 
di thiothrei tol., rrhe c onc entrati.on 
1 of eac h 
eac h 
the was c onduc ted at volts for 1.5 hours 
after whi c h  the slab was removed , rinsed with sti lled 
the 
aci d  f or 
acid was rinsed 
c ut, 
Re sults 
Gel filtration 
were fixed 
minute s  t o  
and the 
nm 
was 
of 
in 
The trichloroac etic 
i n  dis tilled 
Studie s  
of OAT 1r-1as determined to 000 + 
the c alibrati on standards , Ta"ble the 
fi ltrati on 
trials , eac h wi th combinati ons 
, gave f or the 
Results 
the 
summarized in Table 
diss olved 
bands were obs e rved in the Sinc e the 
the 
, some 
the 
new band twic e that of the OAT sub-unit ,  
of OAT sub-units was f ormed. The occ urrenc e the dimer 
of 
Table 
Protein 
Glutamate 
nase 
Catalase 
Aldolase 
Bovine 
albumin 
Rtbonuc 
A 
Animal 
source 
Horse 
Beef 
liver 
Beef 
liver 
Rabbit 
muscle 
serum 
standards. 
Mo,lecular 
,000 
,000 
000 
,000 
,000 
-white ,000 
Beef 
pancreas 
Beef 
reas 
,000 
Sub-unit 
molecular 
000 
,000 
,000 
000 
Reference 
Darnall and 
Schroeder 
Pharmaci.a Fine 
Chemicals, 
Tanford 
Pharmacia :F1ine 
Chemicals, 

determination with 
A 
0 
Table Results of 
Trial Protein 
BSA 
Catalase 
OAT 
Aldolase 
A 
RNase 
II BSA 
Catalase 
OArr 
Aldolase 
III B SA 
DH 
OA'r 
IV 
V BSA 
Glu DH 
OAT 
Glu DH 
Aldelase 
Sub-unit mol-
ecular 
5 . 00 ,000 
5· 5?, 
5· L�9, 
5· ,000 
6. ,000 
7-70 ,000 
4.?00 
4. 
Lj,Q 
t3 20 
10 
00 
serum 
0 
14. Sub-unit molecular 
determination 
) 
Ornithine aminotransferase 
Aldolase 
A 
A 
Distance in em 
was due t o  a dec reased c onc entration of sulfate 
sinc e the in the buffer c aused a of t he 
incubation . The ave rage m olec ular of the 
sub-unit was de termined to be 000 ± 2000 . The molecular 
of the di mer was 104 , 000 . 
IV . Evaluati on of 
In the last five years , the molecu lar of OAT1 has been 
various groups wi th as shown in 
Table 
Source Method Refe rence 
, 00 0  Rat liver Arc hi bald !Vfa tsuzawa 
000 Rat liver meni scus P eraino 
) 
000 
ti on rate 
, 00 0  iat and 
and rat liver 
whl c h  are in thi s t h esi s 
indicate a molecular of + 1 000 . The sub-uni t 
molec ular d_e termi ned by 
2 , 000 . Sinc e the e nzyme is a tetramer 
molec ular of the en zyme would be 
was 
, 000 ± 
It appears that . Pe raino • s  value of 1 32 , 000  i s  
wrong . The whi c h  shows the radial d i s t ri buti on of 
000  + 
, the 
5 ,  Perai no 
whi c h  was c hosen to calculate 
that of the dimer . 
has two 
molec ular 
and Collins ( ) do not any details of their 
molecular detenni nati on other than a of their results . 
OAT and 
, 000) on the column 
OAT and the 
column close to t hat of the 
molecular 
listed in 
to , ooo. 
P• 
abo u t  
I n  that c ase a n  interaction between 
have caused OAT to elute the 
i ts 
the tri al c olumn ru ns 
OAT 
e luted. off 
to the c olumn 
, 000 ) 
interacted and 
of 
at a c 
, 000 f or OAT . Thi s 
and Collin ' value . 
determined 
can 
to an erroneous 
also have been 
f'iltration or 
i s  determi ned for OAT can i ts molecular 
be known . 
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